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RESULTS OF LOW SPEED 
WIND TUNNEL TESTS ON A .Ol405 SCALE MODEL 
ROCKWELL SPACE SHUTTLE ORBITER 
TESTED BOTH IN FREE AIR AND IN THE 
PRESENCE OF A GROUND PLANE 


By R. Mennell and b. Cameron, Rockwell 


ABSTRACT 


Experimental aerodynamic investigations were conducted on an .0405 
scale representation of the Space Shuttle Orbiter in the Rockwell Inter- 
national 7.75 x 11 Foot Low Speed Wind Tunnel during the time period 
March 21, to April 17, 1973. The primary test objectives were to inves- 
tigate both the aerodynamic and propulsion effects of various sir breath- 
ing engine systems ir. free sir and in the presence of the ground. 
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The free air portion of this test investigated the aerodynamic ef- 
fects of engine nacelle number, nacelle grouping, and nacelle location. 
For this testing the model was sting mounted on a six component internal 
Strain gage balance entering through the model base. The model center 
of rotation was at the trailing edge of the wing enabling a free air 
angle of attack range of -49sa@<ch°, at angles of sideslip of © ana 4°, 
to be obtained. Yaw polars were recorded over the beta range of -lO°%f<1e° 
at fixed angles of attack of 0°, 5°, 10°, 15°, and 18°. Rudder deflection: 
of 0°, -7.59, and -159; elevon deflections from +159 to -15°; und aileron 
deflections of +59, +109, +159 (elevon = 0°), +7.5° (elevon = +7.59), and 
-(.5° (elevon = -/.5°) were tested. 


The ground plune portion of the aerodynamic test investigated the 
Same aforementioned nacelle effects at ground plane Locations of full scale 
WeP. = 39.9, 709.3, 158.9, 108.5, and 7.78 in. The model was supported 
in the same manner with the nominal angle of attack range being -%a<°h9, 
except where ground plane limited. No sideslip data were recorded. FElevor: 
deflections from 15° to -40° and an aileron deflection of 10° (elevon = 0°) 
were tested. 


rt the conclusion of the aer: .ynamic test period the »ropulsion effect« 
of various nacelle locations and freestzeam orientations in the presence of 3 
the ground were investigated. This investigation consisted of positioning . 
the engine nacelles at various chordwise positions und angles of sideslip ; 
and then recording the total pressure recovery-mass flow relationship at the 
compressor face station. Nacelle internal flow characteristics were cal- 
culated from two flow-metering rakes that could be positioned in any nacelle. 
Engine weight flows of .15, .25, .35, and .45 lbm/sec/eng. were simulated 
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by connecting the rake-containing nacelles tc the NAAL blower system und ae 
setting predetermined pressure levels at the ASME nozzle throat. 


As with the aerodynamic testing the model was sting mounted through 
the base. The nominal angle Qt attack range, with the center of rotation 
at the main gear axle, was -4<as18~ at angles of sideslip of O° and -iO. 
Ground plane location for this test phase was at full scale W.P. = 153.7 in. 
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SYMBOL 


RN/L 


—< 


> 8 & DW R 


SUBSCRIPTS 


gt nro 


SADSAC 


SYMBOL 


CP 


Q( NSM ) 
Q( PSF ) 


RN/L 


BREF 


LREF 


SKEF 
MRP 
XMRP 


ZMRP 


oe ee, ee en a Ee ey 


NOMENCLATURE 
General 


DEFINITION 

speed of sound; m/sec, ft/sec 
pressure coefficient: (Pp, - Pwo)/a 
Mech number; V/a 

pressure; N/m°, psf 


dynamic pressure; 1/2pV°, N/m, psf 


unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 

angle of attack, degrees 

angle of sideslip, degrees 

angle of yaw, degrees 

angle of roll, degrees 

mass density; kg/m, slugs/ft> 


Reference & C.G. Definitions 


base area; me, ft 
wing span or reference span; m, ft 
center of gravity 


reference length or wing mean 
aerodynamic chord; m, ft 


r ) Be | 
wing area or r ference area; m, ft® 


moment reference point 
moment reference point on X axis 
moment reference point on Y axis 


moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 
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NOMENCLATURE (Continued) 
Body -Axis System 


SADSAC 
SYMBOL SYMBOL DEFINITION 
ON CN normal-force coeffictent; nope toree 
q 
Ca CA uxivl-force coefficient; 2xial force 
qs 
Cy CY cide-sorce coefficient; Side force 
qs 
CAp CAB base-force coefficient: bese force 
q® 
“Ap(Ph - Pa)/ aS 
Ap CAF forebody axinl force coefficient, Ca - Ca, 
Cm CLM pitching-moment coefficient; a aah 
QSEREF 
Cy CYN yawing-moment coefficient: ee 
q 
Cf CBL rolling-moment coefficient; a oe 
q 
Stability-Axis System 
C eL lift coefficient; Itt 
L a8 
Cy CD drig coefficient; drag 
qs 
Cy CDB base-drag coefficient; Pest sre 
Qe 
C; CDF forebody drug coefficient; Cy - C 
De ya D* “b, 
Cy cY side-force coefficient; “tee sere 
q 
Um CLM pitching-moment coefficient; a 
aSZREF 
Gh CLN yawing-moment coefficient; aaa 
of CSL rolling-moment coefficient; enone 
L/D L/D lift-to-drug ratio; Cy/Cp 
L/Dp ——L/DF lift to forebody drag ratio; C,/C, 


1a 
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OYMBOL 


Xeon ke 


br 
ORF 


Aés, 


Abr 


SNAC 


PLOT 
J YMBOL 


XCP/T 


LEVON 
AILRON 
RUDDER 


B. FLAP 


DLTALN 
DLTRDR 


NACX/L 


LIP 
GP-Pos 
DCY/DB 
DCYNDB 
DCBLDB 
DeY/DA 


DCYNDA 





NOMENCLATURE 


ADDITIONS TO STANDARD LISt 


DESCRIPTION 


“crodynamic center of pressure location in pereornt 
body len;th, 


Wings sweep back anmele, derrees, 


clevon deflection ingle, positive trailing ods: 
down. 


aileron deflection angle, positive lert trallin: 
edge down, 


rudder deflection angle, positive trailing edge 
Left. 


body flap deflection angle, positive trailing 
edge down, 


incremental Nileron deflection, 
incremental rudder deflection, 


tir breathing engine nacelle longitudinal location 
in percent body len:th. 


sweepback angle ot’ nicelle entrance a or 
position of ground plane beneath the model, 
Side force derivative with beta, per degree, 
yawing moment derivative with beta, per degree, 


rolling moment derivative with beta, per degrer, 


side force derivative with atleron detlection, 
per dergree, 


yawing moment derivative with itleron detlect ton, 
per derree 
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SYMBOL 
CPSI1 
CpSTe 
Croat 
CPSO1 
CPS02 
CPSO 
CWIM 
CWOM 
MFRI 
MFRO 
MIN 

MON 
PRTT1 +9 
PRTOL?*9 
PRTI 
PRTO 
POL 
PSI? 


PSI 


DCBLDA 


DCY/DR 


DCYNDR 


DCBLDR 


DEFINITION 
Inboard nacelle static pressure coefficient #1. 
Inboard nacelle static pressure coefficient #2. 
Inboard nacelle average static pressure coefficient. 
Outboard nacelle static pressure coefficient #1. | 
Outboard nacelle static pressure coefficient #°?. 
Outboard nav:lle average static pressure coefficient. 
Inboard ASME nozzle corrected veight flow, lbm/sec. 
SJutbeard ASME nozzle corrected weight flow, lbm/sec. 
Inboard nacelle mass flow ratio. 

Outboard nicelle mass flow ratio. 

Inbosrd nacelle compressor face Mach number. 

Outboard nacelle compressor t'ace Mach number. 

Inboard nacelle total pressure recoveries, probes 1°9. 
Outboard nacelle total pressure recoverein, probes 149, 
Inboard nacelle integrated total pressure recovery. 
Outboard nacelle integrated total pressure recovery. 
Inboard nacelle static pressure #1, lbe/tt. 


Inboard nacelle static pressure #2, lbt/tt?. 


Inboard nacelle average static pressure, lbf/ft°. 


NOMENCLATURE -— PROPULSION DATA 





rolling moment derivative with aileron deflection, 
per degree. 





per degree. 


yawing moment derivative with rudder deflection, 
per degree. 


rolling moment derivative with rudder deflection, 
per degrce. 


chee een eee eee Re ee ee ie ee ee 


Side force derivative with rudder deflection, : 
| 
| 
| 
j 
| 
| 
| 


ae a # 
A 7 5 - “ ere ggiiias o Ca ae 
a, Ore pT OP ar a nee a ye ae ee et ee, COL ee Pee ee Oe 


ai ae ee te 1, 
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Cee er ee er) ay ee ee ee AT Sl, gee el ee eet oer a Oey | 


Or eS en Te eae eee ae 


id 
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PSO] 
PS02 
PSO 
PTL1-+9 
PTO1+-9 
PTL 
PTO 
WIC 
WoC 
WiM 
WOM 

WC 
W.F. 
NBT 
X/T, 
GPP 
POWER 


RD 


Outboard nacelle static pressure 41, lbr/rte. 


Outboard nacelle static pressure #2, lbr/tt?. 


Outboard nacelle average static pressure, Lbt/ft". 
Inboard nacelle total pressure, probes 19, lor/ft¢. 
Outboard nacelle total pressure, probes 1°99, theft: . 
Inboard nacelle integrated total pressure. 

Outboard nacelle intesrated total pressure. 

Inboard nacelle compressor face weight tlow, lbm/sec. 
Outboard nacelle compressor face weight <'ow, lbm/sec. 
Inboard ASME nozzle uncorrected weight flow, lbm/sec. 
Outboard ASME nozzle uncorrected weight flow, lbm/sec. 
Ideal weight flow, lbm/sec. 

simulated engine weight flow, lbm/sec/eng. 

Angle of side slip for engine nacelle. 

Position of engine nacelle in per cent of body length. 
Position of ground plane beneath model. 


Engine number with simulated power. Enytines are numbered 
to right with left most envine numbered 1. 


Datn reduction constant. 


MODE, DES OR DEPTON 


The model used for this test was an .OhOS seale representation of 
the Rockwell [International (-89) Light. Weight Space Shuttle Orbiter. 


basic model is of tne blended wing--body design utilizing a double delts 
wing (75°/45° Aya), full span elevons (unswept hingeline), a centerline 
vertical tail with rudder and/or rudder flare capability, and an orbits! 


manuevering system (OM3) mounted on the aft fuselage sidewalls. ‘To 


complete the basic conriguration a canopy and manipulator arm housing 
(MAH) attach to the fuselage upper surface. For this test subsonic Jet. 
engine nacelles were located in various positions on the wing and fuse bayte 


to simulate 


the orbiter air breathing cngine systems (ABKG). 


| 
| 
| 
: 
| 











At] 


mode | 


componente were per the -80 conrisuration CXC or 





tbe 


Puss does ron aba Gloom LG ae bond tne OM “noise. The se rods hans 


Variation due 


9! 


GL 


Gada 


Jl 


al i) 


; aes 
ae ee 


bo these non- components was) considered te be insuieuu - 


The SollowLas nomenclature was used to desienate the various 





COMPONUN TSS 


DEOCRTPITLON (see dimensional dats ) 


AE Dea Gd Tad TA OO eG, bs ORO BEE daeeG. =o) i tie 


ome ao Blo except base ares in OMS reyvion has been 
-GO CHnNOpPy. 

“809 manipulator urm housin. 

Pull span elevon used on wing W&7 


Mule voOd > Ls 


Lending gear and sear doors CATP locatton) 


reduced, 


DATO 


a5 Glo except mein senr doors moved inboard, 


hoonsine nacelles: loeuted per VL/ i-OQ000389, 
Same as J] exeept short cowl] added. 
ime aa atl exeent pylon falrings added. 


inbonrd micelles: same ous 3, 


nacelles Locuted on 


rear fucelarve sidewalls ot stn. llc, WP. 41o. 
hoonpine nacelles: same ons 73, eneine nnovelles loented 
ih Seba OE pe oe Pe LY, 

hoonine neeelles same us d4, ermine nacelles lLoecnted 


on reir fuselage otdewnlls utosta. PLO, Wer. flo. 


mroups Of threc clustered emrbne useelles Loented 


"itis 3 
ree 


dat 


acs) 


3} 


Gite OE pe. dete Pyle 
pods (ERR ) 
rudder used on vertieil tad) Ve. 


Conterline vertien) tril. 
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WS7 -89 double delta wing (75°/45°A,.). 


X9 Transition grit located on all swept surfaces ond fuselare 
nose. 
X10 Same us X9 except grit added to engine nacelles. 


TEST FACILITY DisoCkhIPTION 


Tne North American Aerodynami 7 Luboratory (NAAL) 7.79 % Ji- foot 
Wind Tunnel is u continucus flow, closed circuit, sinyle return type 
tunnel capable of speeds up to 700 miles per hour. The test section 15 
vented to utmospheric pressure and is 7.75 x 11 feet wide by 1 feet in 
Length. Power is supplied by a 1°50 horsepower nacelle mounted synchro- 
nous motor driving 2 19 foot, seven blade, laminated birch propeller. 
The airspeed is controlled by varying the degree of coupling between the 
motor and propelier by means of a magnetic clutch. A damping screen and 
honeycomb section in the settling chamber upstream from the contractior. 
cone (ratio 7.53 to 1) minimizes turbulence in the test section. The 
NAAL Wind Tunnel has been in operation since June 1943 and calibrations | 
are available over a wide range of test conditions. 


Tests may be condu:ted using 9 variety of mounting systems, C.ite3 * 
sinsle strut, double strut, sting strut, reflection plane, cable suspen- 
sion, and two dimensional woll. Aerodynamic data may be measured by % 
planar tyne external balance system or stiny, mounted internal balances. 
An Astrodutu Automatic Dita Acquisition System is used to collect, multi- 
plex, dipitive, and record 50 channels of force and/or pressure duty on 
magnetic tape. This data is then rapidly reduced and plotted using, suto- 
matic dats processing, equipment and «an automatic digital plotter. 


DATA REDUCTION - AERODYNAMIC DATA 


The aerodynamic force and moment duta presented were measurcd by Ci 
Tisk Corporiution °.5 inch MK IX strain yvage balance. The date huve been 
corr-cted for model base and balunce chamber pressure etrects; nacelle 
internul gray; model blockage influence on tunnel dynamic pressure; wid 
interference efrects: sting and balance deflections; ond model weivht tire. 


The corrections to nxiul force were accomplished in the followiny: 
manner s 


ee te OG - C - € me 
iat i" f 4 Anc f ‘ B fh i j hon 
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where: 


and: 


The following, reference dimensions were used for 


HH} 


ii 


li 


CApo = ~ (: 9 


Pac 











(FBS Fe) (2B), v= 1/5 Crm te te + + PBs) 


Nacelle internal drag correction 


Model uxial rorce weight tare 


synamic data to coefficient form: 


oymbol 

Ap 

ABC 

Si 

XMRP 

ZMRP 

L 

¢ (LREF) 

b ( BRED” ) 

C. =z Axial 

AN 
Axial 
Axial 
Axial 
Axial 
Axial 
Axtal 


rorce 


force 
force 
force 
force 
force 


force 


Definition 


Area of 


Area of 


Area ot 


buse (without OMS), ft. 


(with OMS), ft* 


wing, ft: 


balance cavity, ft 


Center of wraviuy, Tus. sta. 


Center ot gravity, waterplane 


Length of body, in. 


Wing MAC, in. 


Wing, 


SDAN, 


correction 


correction 
correction 
correction 
correction 
correction 
correction 


in. 


due 


due 
due 
due 
due 
due 


due 


to 
to 
to 
to 
to 
to 
to 


2) 


Jy 
hes 


c. 


St 


nucelle 


nacelle 
nacelle 
nacelle 
nacelle 
nacelle 


nacelle 


internal drag 


internal drag 
internal drag 
internal drag 
internal drag 
internal drag 
internal dray’ 


reduciny, the sero- 


O. 37400 
O. 519 


0.13635 
ie Se 
We Goth 
1 O00) 
54, 7BK0 


19. 3000 


769350 
0.001." 
0,001 
0,.001.°9 
0.00179 
0.00194 


0.00194 
0.00194 





care = Pitching, moment correction due to J, nacelle internal drag Geou, 
ay | 

Pitchin;; moment correction due to J. nacelle internal drax 9 0.00). 

Pitching moment correction due to J3 nacelle internal drag 0.00. 


Pitching moment correction due to J), nacelle internal drag Cpe 
h & 


Pitcning moment correction due to Js nacelle internal drag 0.0000. 
Pitching moment correction due to Jg nacelle internal drag 0.000°7 


Pitching moment correction due tou Jv nacelle internal drag  O0,.000'%. 


DATA REDUCTION - PROPULSION DATA 


The air bresthing engine system propulsion dat was recorded fron 
flow metering rakes installed in two engine nacelles. Each rake consi t ¢ 
of 9 total pressure tubes and © static orifices. Euch instrumented ni- 
celle wis connected to the NAAL blower system in order to simulst: cnui:. 
weight flows. 


The: duta reduction procedure wis as follows: 


Procedure #1 Culculate the inboard nacelle static pressure 


coefficients: 
CPSIl = inboard nacelle static pressure coefficient #1 
. PSIl - PO, where 
q 
POI1L = Inboard nacelle static pressure #1 
PO = Freestrenm static pressure 
”7 = Freestresm dynamic pressure 


tnen calculate 


CENT.’ = Inboord nicelle static pressure # | 
1 : Qutborrd nacelle static precssaurs +1] 
creo. = Outboar’a nacelle stutic pressurs 4° 


Procedure 4. Calculate the inboard nacelle averuge static or a 
Poet reierernesce 


| 
c. 
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then calculate 
CPSO = Outbourd nacelle uverage static pressure coefficient : 
Procedure #3 Calculate the inboard nacelle total pressure 
recoveries: : 
PRIT1 = Inboard nacelle total pressure recovery cf tube #1 
= PTI1/PT, where 
PTTL = Total pressure inboard nacelle tube #1 

seal = Freestream static pressure 


then calculate 


PRTI2 9, Inboard nacelle total pressure recoveries, tubes 2 9 
PRTOL 9, Outboard nacelle total pressure recoveries, tubes 1 9 


TP ee Bees me tS Pe pe ee 


Procedure ka Calculate the integrated inboard nacelle total pres- 
sure recovericss 


PRTI = Inboard nacelle integrated total pressire recovery 
fez : 

: 

- (Prt) (:3] / ) AiJ | Pr 


then calculate 


PRTO = Outboard nacelle integrated total pressure recovery 


Procedure #5 Calculate tne inboard nacelle compressor face Mach 
number: ; 
MIN = Inboard nacelle Mech number : 
= {5 /PSIL+ PoIr\ 35 . 5 


\e(ERTI * PT) 
then calculste 


MON = Qutboard necelle Mach number 








Procedure #6 Calculate the inboard nacelle weight Plows 


WIC = Inboard nacelle weight flow, Lb /sec 


_ ACK (PRTT * Pr)(MIN) /ye shore 
1 + .2MIN?2)3 Rig 


ACF = Compressor face area 

Y = Ratio of specific heats, for air = 1.4 " 

p = Gravitational constant ae 2A haypcees, 

R = Gas constant = 53.35 ft-1b/1b/°R 


then calculate 
WOC = Outboard nacelle weight flow 


Procedure #7 Calculate the weight flow for the inboard and outboard ! 
ASME nozzles using standard wind tunnel equations: 


WIM = Inboard ASME nozzle weight flow, lbm/sec. 
WOM = Outboard ASME nozzle weight flow, lbm/sec. 


Procedure #6 Connect the inboard ASME nozzle weight flow for tem- 
perature and pressure variation: 


CWIM = Corrected inboard ASME nozzle weight flow, lbm/sec. 
= a § , where 
6b = (PRII * PT)/2116.22 


then calculate 
CWOM = Corrected outboard ASME noz7le weight flow, lbm/scc. 
Procedure #9 Calculate inboard nacelle mass flow ratio: 


MFRI = Inboard nacelle mass flow ratio 


- WIC , where 


WC 
WC = Ideal weight flow, lbm/sec. 
= SAC Sony Ye, «where 
+ .2 MO2)3 RIing 
AC = Nucclle capture area, £t.¢ 
MO = Freestream Mach number 


24 


i 
A 
§ 
¥ 
i 
i 
i 
{ 
i 








The following reference dimensions were used for reducing the propul- 
Sion data to coefficient Yrorm: 


Symbol Definition 

Al Area of influence probe #1, a 0.00227 
A; Area of influence probe #., ite? 0.00101.” 
A» Area of influence probe #3, It." 0.000194 
A) Arex of influence probe #4, ft.” 0.000760 
AS Area of influence probe #5, ft.” C.002637 
AG Area of influence probe #6, ft.“ 0.001013 
AT Area of influence probe /7, ft. 0.000760 
Ag Area of influence probe #8, ft.” O,0010i2 
Ag Aren of influence probe #9, ft. O,007 037 
ACK  Arou of compressor face, ft." Q.01:.°665 
ACL Nacelles Jy, J» Jj capture area, ft." 0.01431) 
AC? = Nacelle J-. capture area, ft." 0.016551] 
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TABLE II. 


TEST £ OA16 - NAAL 701 DATE 33/17-4/21/73 











TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRESSURE TAGNATION TEMPERATURE 
MACH NUMBER , 
(per unit length) (pounds/sq. foot) (degrees Fahrenheit) 


eT TS 


— SENET EEE ER ee TERT 
0.165 1.15 x 10°/Prr ho lbs/ft< 90 —» 120°F 
Le4h x 10°/FT 60 lbs/ft~ 





BALANCE UTILIZED: TASK °.5 INCH DIA. MK IX 


CAPACITY: ACCURACY: TOLERANCE: 


1500 lbs t 625% 


750_lbs oe 
C00 lbs , 








hOOO in-lbs 


COMMENTS: : 


93 





#, 


4 et ss les = . ‘“ ' a Se Fy 4 7 sy . - je . FS arg “27. * . ” 7 . ry . . - 
«cant il apts Aa acy $l Sheena init a5 3 2p Nes ptt cial Inte tar hc ed eM hatch esi Ps He eit: tenet nny scald Mifare RS EE TE eed te nt Metals hy a RE tte ai a EB rs eis a rae ie ane IP Sea Rear ee aR Dl ds! erie edit areas EAN Uae, Oa Ren eg Ue ce nae halle re oh et CaN ag ct 





a ella iat iia Se Rai a Lae Maca ie a oe 





TABLE Iii. 


MODEL COMPONENT DIMENSIONAL DATA 


MODEL COMPONENT: BODY - Bio (2x. L- pa | 





ORAWING NUMBER: 





DIMENSIONS: FULL-SCALE MODEL SCALE 
Length ~ “xv. £323.20 Core Oe 


Max. Width 





Max. Depth~su, Re /t.. Gg 
Fineness Ratio 


Area ~ fy é 
Max. Cross-Sectional CAS. 25 Lr SBS 
Planform 
Wetted 
Base 
54 | 
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TABLE III (CONTINUED) 


=e MODEL COMPONENT: BODY - Gy 


GENERAL DESCRIPTION: DAME AS dy Bio Lxuer MeIFIED J 


LAs Kec ON), 


Se 


SALE Merit 2, 040F 


VLIO~ OCLOOJS 
DRAWING NUMBER: VT 2 - WOO") 


DIMENSIONS : FULL-SCALE MODEL SCALE 


ee ee RT rm RR i A LE 2 ee ree sirname 


Length ~ wv, A322 80 $3. 
Max. Width~ /A/ 


Max. Depth £48.00 {0.0 : 


Fineness Ratio i 
Area~ fy? : 
Max. Cross-Sectional BES. 28 0.£83 
Planform 
Wetted 
Base 
: 
: 
i ! 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: Mm - (auoPy Cs 








GENERAL DESCRIPTION: — SIA BASELINE [apsiy - Used Qo Fustdrloe 


Lo. 





SALE [Woott. = HOS” 


DRAWING NUMBER : VLA7TO- W0CEL Je 
DIMENSIONS : FULL~SCALE MODEL SCALE 


wees S74. SRD LukHeAd 39/. OO 1/8. 236 
wx. Wah S74 CE. 560.60 be 08D 
am. tape (4U0PY Tonesc2/$ 2H, OO JS. 32 
BOD» NL. @. STA. 

Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 


Wetted 


Base 


56 
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TABLE III. (CONTINUED). 


MODEL COMPONENT: ‘tm - Wawerzarope Alem HtstAd 9 D7 


GENERAL DESCRIPTION: ~8974 /MAnietaroR fein Moysily Rwy 
fRLN CIP m2) VERTICAL. [Allen - 








SCALE (Nabil =, O¥OS 





DRAWING NUMBER: VLIO- DOLL 3 

DIMENSIONS : FULL-SCALE MODEL SCALE 
Length) (Xo $26.0 * Xo (307 0) BE). 60 3S 68 
Max. Width~w, 57, OO <» C66 
Max. Depth ~/. 20» OD) 0. &/O 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


Base 


37 
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MODEL COMPONENT: Sm - C16Q/74L [MANU Rig Svsten Miz | 





DRAWING NUMBER: VL7O- COSC/2. 

DIMENSIONS : FULL-SCALE MODEL SCALE 
Length ~ uv, 367.00 /4-, Bes 
Max. Width~ w, // 0.00 4,098 
Max. Depth~ 120, 20 _+$¢ 868 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


Base 
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MODEL COMPONENT: BODY FLAP F, 








Roby FLAP LUATED C4 hiretye 






GENERAL DESCRIPTION: 
PTI uf £u 
LMpltit Se See 
Snie LMbeg = »OYOS” ens 





DRAWING NUMBER: 





DIMENSIONS : FULL-SCALE MODEL SCALE 
Length v WwW. B30. 54 4.5.3 
wm. wate AAP he Sus SIA. eA, LEP LOD pete 
ee. Spmh LAP TE FUS.STA YY Ur’. (ES tC ole. “4+3 
ee, AN SPAY VD), A305 7 Dex 
Area ¢7* 

Max. Cross-Sectional 

Planform Let lS 4: 328 
Wetted 

Base 
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TABLE TII. (CONTINUED) 


MODEL CUMPONENT: 







ry EESSO.O bOOS, eS Pi? « AT ecria, Nes 
SAL AACE STAT HW) OO AT OS, / 
NACELLE DOES ANG = FBALS 
DRAWING NUMBER: VLEO~ WU3A 
BS-AC 


DIMENSIONS ; FULL-SCALE MODEL SCALE 


ae a io ' ; sos oo. 
AS ps Ac. - ‘ 7, ~O) Kk i ae Fw 
Sf 





Length ~ A/ LFA, OO foe 2 
Max. Widthe '. Re Sige 2.506 
Max. Depth~. S2eOWO a. /OY 


| 
; 
4 
4 
j 
3 
i 


Fineness Ratio 
Area fy é 


Max. Cross-Sectional [75 OU. 442 
name CAPT UCR 3.72 On D1 3 


Pee De oe A en, ee ee ee et ee nT, he 


a ae ee 


a Sh 


Wetted 
Base | 


TYLON LENGTH ~ IM, I35, 2°) es es 
PLOW WRATH ~ YA) Je Cun SSO 


Cire PRR, Ee) re a ee ed | ee ee ee ey Ber gee ee ee SURO R EERE Aer eee 
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MODEL COMPONENT: samp - “WV Ge LAIN, RM GIRL SSE SR 


GENERAL DESCRIPTION: V4 AS Tr £2 Oh SHAT Cota Aedes >. 
A RAE hcaecas cf, TAR: 


EMM AACE Lo STAT OO AT 






Pa. 












Se, BPE LUC. 00 MOP Vale et 
MoOOIF Ize TO REM vE Beye TE. 


DRAWING NUMBER: 


ase BPE 2U6.00 lc Vee CNA) AAS bee 








oS AX, Js 








DIMENSIONS : FULL-SCALE MODEL SCALE 
Length ~ “«’ ch OO ae 
Max. Width~/. SAO ow LOO 
Max. Depth 2’. S20 er oe 
Fineness Ratio ee ee 
Area ~ f ae 
Max. Cross-Sectional _L48. 75. DQ. Coe? 
rent ON PTO RE LE 1a SeVGr: 
Wetted 
Base 

BLOW LEANGIA 9 14), Jin f ) Poe: 

Pt Oa) PUD W706 Pen, Sa 2 L232 
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TABLE LII. (CONTINUED ) 


MODEL COMPONENT: mum - WL BREATH, EA ZINE SYSTEM V3 


GENERAL DESCRIPTION: \SAME AS J) £xecrr Prion HAS Feb 
PNG ie TO REMOVE LitwiT_ TE, 


DRAWING NUMBER: VLTO-250203) 
SH- A OLIOS8 
DIMENSIONS : FULI.-SCALE MODEL SCALE 
Length ~ WwW. £44.00 D EBEL 
Max. Width~+ /4?- no Wee id Cos 
Max. Depth-) /“. Ug tL aes De Fix S 
Fineness Ratio a ae 
Area wf{72 
Max. Cross-Sectional (4, 7S Obl Fe 
Renton (4 P7TURE 872 foe ee 
Wetted Se nee 
Base 
PyLon LEA YIM IN. FP ite 
Pye CAL PAA Lr a ZA, ieee ee mo: 7Se) 
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TABLE III. (CONTINUED) 


EN OME Ssrv2em ~- Sh 





YO KSRERT HIN: 





MODEL COMPONENT : 


GENERAL DESCRIPTION: /wO ZLwervrd VACELLES Sant AS S3, 










Ly < Meved Te Arr Fost é _ 
SGDEUALS WITH. AAS. OO AT FS) HAC CO, BR LICR LS 








L/P ABO. NACELLE LYMEAISI Ch wind AS LZ 

DRAWING NUMBER: eae ee 

DIMENSIONS: FULL -SCALE MODEL SCALE 
Length 
Max. Width 
Max. Depth 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


Base a 
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MODEL COMPONENT: 2m - AER 


BREATHING, Engi dé Sysren Ts 





GENERAL DESCRIPTION: G Lire - L/tNilg MACE LLé Chik. FLQEHEP MAL, 
Se nen lela eS et EE tit 


SAN om tis V3 bea me AbDITIOWAL NACELLES. Fost iwsed 





DRAWING NUMBER: 


DIMENSIONS : FULL-SCALE MODEL SCALE 
Length 
Max. Width 
Max. Depth 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


64 
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TABLE III. (CONTINUED) 









| : 
| 7 
MODEL COMPONENT: mm - Ae GecaTAiy EnQmwe Sysrem Ve 
GENERAL DESCRIPTION: SAME AS Z3 LirHw 2 ADD/T/OVAL 
NACELLES PesiT/QKs OM HET FUSELAGE SIDEWALLS LOITH 
N.S: 00 AT //20. 6%), BR L/63:65 wWuKh KO, 
a 
YM ES pipe, SAME As 73 
DRAWING NUMBER: 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 
Max. Cross-Sectional 
Planform 
Wetted 
Base 


65 
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DRAWING NUMBER: 


ae | ae Tee oe ae ee NE Sly: eter ee See Te SAS , 
FF eye a ee ee ee ae ams a te i lair SEE Se ee ee aes 58 en ates: t sf J t 


TABLE III. (CONTINUED) 


MODEL COMPONENT: MM - Ae Brent iy ENowt S:.0¢6m Tr 





GENERAL DESCRIPTION: MIACELLE Z WIFI) A) 
LEITH <3 fPURCELLE SL, PER FYLOK. CEM ITE AINGCELLE WTA 
EEO ECR, COAT E RR WACELLE W/7, 
W'S, O10 AT Fis. /O0VV.00, BPLBZ/O:/2, WF 13), bs 2 
a EL A OE SIE, HT MBN ES 


WELLE DMENSNwIS Sami As Ze 








DIMENSIONS: FULL-SCALE MODEL SCALE 
Length 


Max. Width 

Max. Depth 

Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


Base 
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TABLE III. (CONTINUED ) 


MODEL COMPONENT: LANDING GEAR, G-1 


RO ee 


GENERAL DESCRIPTICN: Configuration consist of two (2) nose gear 


nn 
doors and one (1) main gear door. Gear fully extended. Ref. 
er er a 


re pr ET 


sketch 1 and 2. 


Nose 


Main Door WL 


Scale Model = 0.0405 Doors in full open position. 


TEST _ 


, 
DRAWING NUMBER: SSA-00007 


DIMCHSLONS ; FULL-SCALE - MODEL SCAL 


Length 

Max. Width 

Max. Depth 

Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 


Wetted 


iene 


aii 
ame re 
eel 
ee 
ee 
ee 
SN eee eatin 


Base 
Ref. Point: Top right hand corner 
Door (A) WL -4.595 in M5: -113.457 in.FS 


MS = 13.786: 339.950 in. FS 
Door (8B) WL= -4.56 in. MS: -112.592 in. FS 
MS = 1).836 in. “is: 9922247 Ans: FS 


~-5.546 in. “MS:-156.938 in. FS 
MS 48.177 in. MS: 1189.550 in. FS 
Frontal Area 4eB = .16 x .72 = 11352 in2 MS 
70.2431 in? MS 
Frontal Area of Main = 16 x 2.31 = 0.3696 in. MS 
225.36585 in2 MS 


nit 
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MODEL COMPONENT: mmm - ZAA/D/A/ 








GENERAL DESCRIPTION: 





a od 
Ltike Sale 4, 





VWWhovie Draecvcbs 677 0b In, 











DRAWING NUMBER: 


DIMENSIONS: FULL-SCALE MODEL SCALE 


Length 

Max. Width 

Max. Depth 

Fineness Ratio 

—- wm we. oem &% Ff 

Area 
Max. Cross-Sectional 
Planform 


Wetted 


Base 
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MODEL COMPONENT: PWA W357 








CS SOW Qa, 











DRAWING NUMBER: Wt Kee ara: 
DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area- 7” * us fe a) 
Planform gees, BS SF, F// 
Wetted ao 
Span (equivalent)- /# (ees 
Aspect Ratio Aa it 
Rate of Taper pdt ai. 
Taper Ratio O.20) 
Diehedral Angle, degrees& 75:33 dem s.Ags/ 
Incidence Angle, degrees 3. XO 





Aerodynamic Twist, degrees : 
Toe-In Angle = = 


Cant Angle as aa xe 
Sweep Back Angles, degrees 
Leading Edge 44, 873 Ad, 5/3 
Trailing Edge ~/0.2$¢-2 ioe 
0.25 Element Line 35,050 35 Sc 
Chords: ~ “oy, 
Root (Wing Sta. 0.0) CH.) £7,953 
Tip, (equivalent) [fap SO 5 
MAC FT. 7he wd): 
Fus. Sta. of .25 MAC {1 Blo: le Ta} 
“ag of .25 MAC __ 287. 44 Sti lad 
.L. of .25 MAC 7, OS 
Airfoil Section eto? eee AE 
Root is = 
Tip — oe 
EXPOSED DATA 
Area— ff* 174is.o/ es, 
Span, (equivalent) - /7 Ase a 376 
Aspect Ratio A OF Peer 2 
Taper Ratio 2:256 £. 25 
Chords - 
Root See. T7/ Lic llé 
Tip 30 Cw 
MAC 3/$¢. 8/ 1S. 2 
rus. Sta. of .25 MAC HBS :17 Tit: 
ie ot oe ane cit Se PE 
-L. OF . Paes 8 >. 
Leniiy eG aw _ 430) 2F ead 
PLANK OWN hleeA - fr 1.2/4 + $2. ow, 7) 
hike HIRE MNS Fes. @ 7A: Se, OL 22:%9O 


Lt [Menwsec7e bin YS STH 6g J 32-00 By I/ 4 
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MODEL COMPONENT: 4zeyou Ang 


GENERAL DESCRIPTION: Jdewec Jed Liisa AF PL AG ELIA E roe DE 


CAN! KU AL i EAT NPI Cg! tr ho) tale 











DRAWING NUMBER: VL4IC etc. 2 





Pe ee RT ee Mae Ree ee en en Ee ee ed a ee Or a er ae ee ae ee ee 





DIMENSIONS: FULL-SCALE MODEL SCALE 
Area Ege” ere rs 
Span (equivalent)~/ L353... 3Y {#. 36 
Inb'd equivalent chord - .u MATS wee a 
Qutb'd equivalent chord ~.w. 45.012) foe 





Ratio movable surface chord/ 
total surface chord 


Te eS OR ee ee ree ee eee 
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Figure 3. (Concluded) 
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TABULATED FORCE DATA 


Tabulation of plotted data are available 
on request from Data Management Services. 
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APPENDIX 


TABULATED PROPULSION DATA 


Data listings are available on 
request from Data Management Services. 
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